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RELATED VARIABLES

Charles H. Smoot, Chicago, Iil., assignor to Re-
public Flow Meters Company, Chicago, I, a
corporation of Illinois

Application May 18, 1949, Serial No. 94,010
(ClL. 236—26)

8 Claims.
1

This invention relates to control systems and
more particularly to electrical systems for con-
trolling a plurality of related variables such, for
example, as the supply of fuel and air to a furnace
for combustion or the supply of factors contribut-
ing to an industrial process or the like.

Confrol systems have heretofore been operated
for the mest part by fluid under pressure such
as air which is transmitted through conduits to
various points in a plant to effect control opera-
tions. In large plants the conduits become ex-
tremely long, and the time required to transmit
a pressure change therethrough induces an un-
desirable time lag into the system. Purthermore,
the installation of a large number of conduits to-
gether with the necessary pumps and accessories
required for a fluid pressure system becomes rela-
tively expensive and is undesirable in various
types of plants.

It is accordingly one of the objects of the
present invention to provide a control system in
which all of the control forces or impulses are
transmitted electrically so that time lag in the
system is eliminated. According to one feature
of the invention the system functions without con-
tactors, commutators or slip rings in the power
circuit so that it is extremely reliable and requires
a minimum of maintenance.

Another cbject is to provide a control system
in which alternating current is utilized through-
out the system both for control and for power.

Still another object is to provide a control sys-
tem which can easily and quickly be converted
from automatic to manual control and vice versa
with o minimum of disturbance to the system.

Still another object is to provide a control sys-
tem in which a single adjustable electric device
effects a proportionate control of a plurality of
devices to be controlled. Preferably a primary
variable impedance is connected in parallel to a
plurality of impedance elements which are, in
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turn, connected respectively through bridge cir- -

cuits to secondary variable impedances adjusted
by regulators for factors affecting the condition
and which are, in turn, controlled respectively by
unbalance in the bridge circuits.

A further object is to provide a control system
in which- the voltages developed across one im-
pedance element in each-of g plurality of bridge
circuits are added and sre utilized as a loading
force for controlling additional factors affecting
the conditicn. In the preferred construction the
voltages are added in coupled coils and the total
voltage is applied as a loading force to g regulator
funictioning as a primary or master control reg-
ulator in a second control system.

55

2

The above and other objects and advantages of
the invention will be more readily apparent when
read in connection with the accompanying draw-
ings, in which—

Figure 1 is a diagrammatic view of g steam
boiler embodying a control according to the pres-
ent invention;

Figure 2 is a wire diagram of a control panel
and its interconnected parts;

Figure 2 is a wiring diagram showing the con-
diticn of the circuit for automatic operation;

Figure 4 is a similar diagram showing the con-
dition of the circuit for manual operation;

Figure 5 is a diagrammatic view of a metering
type regulator;

Figure 6 is a view at right angles to Figure 5
with parts shown in section; gnd

Figure 7 is a view similar to Figure 6 of g posi-
tioning type regulator.

As shown in Figure 1, the control system of the
present invention is applied to a boiler indicated
generally at 18 heated by a cyclone type furnace
{1 which is supplied with fuel from a fuel meter-
ing device {Z. In addition to the fuel supplied by

7 the device 12 which may be coal, the furnace may

receive g secondary fuel such as gas through a
conduit {3 under the control of a valve 14. Pri-
mary air is supplied to the furnace through a
conduit 15 under the control of a valve 16, and
secondary air is supplied through parallel con-
duits 17 controlled by valves 18. The primary and
secondary air are received through a common air
manifold 18 which is supplied by a pair of forced
draft blowers 21 having valves or louvers 22 to
control the admission of air thereto. Combustion
gases from the furnace are exhausted from the
furnace through a flue 23 connected to a pair of
induced draft blowers 24 having control valves
or louvers 25.

The induced draft control

The induced draft system is controlled inde-
pendently of the remainder of the system to
maintain the furnace draft at a constant man-
ually adjustable value, For this purpose each
of the valves or louvers 25 is connected to a posi-
tion type regulator 26 which adjusts the valves
or louvers o produce the desired pressure in the
flue 23. This pressure is measured by a meter~
ing type regulator 271 having @ diaphragm 28
therein connected to the flue 23 to sense the pres-
sure in the flue. The regulator may be generally
similar to that more particularly described and
claimed in Smoot Reissue Patent No. 16,507 ex-
cept that its power unit instead of adjusting
2 valve or the like adjusts a potentiometer re-
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sistance or similar variable electrical device and
except that instead of being loaded by a fluid
pressure, as deseribed in the Smoot reissue pat-
ent, the regulator is loaded electrically as de-
scribed more fully hereinafter. For loading, the
regulator is supplied with an electrical loading
unit receiving loading voltage through a lead 31
from a control panel 32 containing a variable
electrical device which can be manually adjusted
to set the regulator at a predetermined. value at
which it will thereafter tend to maintain. the
induced draft pressure.

The regulator 27 contains a primary variable
electrical device such as a potentiometer whose
variable tap is connected through a lead 33 to
the panel 32 and to a similar panel 34. The
panels 32 and &4, as described more fully here-~
inafter, contain adjustable devices through which
the ratio of the voltages transmitier thereby can

be adjusted and which can, if desired, be-switched ¢

to manual control when it is desired.to control
the induced draft valves manually.
32 is connected through a lead 35 to one of: the
regulators 26, and the panel 34 is similarly con=
nected through a lead 36 to the other regu~
lator 26.

When the furnace pressure is at the value for
which the regulator 271 is loaded, the valves 25
will ke so adjusted as to maintain the pressure

at this value. If the pressure should change, the :

change: will immediately be sensed by the regi-
lator 27 which will change the. voltage trans-
mitted through the line through the lead 33
to the panels 82 and 34 thereby simultaneously

and. proportionately to adjust the regulators 25

so that the pressure will be returned to the de-
sired value.

The master controlling system

The supply of fuel and air for combustion to
the furnace is controlied through a master con-
trol system in response to steam pressure gen-
erated-by the boiler or by a series of boilers con-
nected to a common steam header. As shown,
steam is- supplied to a header 37 which in turn
supplies any desired type of steam consuming
device, and. the system is connected to maintain
the steam pressure in the header constant. For
this purpose the pressure in the header is meas-
ured by a master controlling device 38 which may
be:similar to the master element in Smoot Re~
issue Patent No. 16,507, except that it adjusts a
variable electrical device rather than a fluid pres-~
sure, As seen in the diggrams Figures 2 and 3,
the steam pressure unit may control a wipsy 59
movable over g resistor 41 which is connected
across the control. circuit, and the wiper may be
connected to a main lead 42 to transmit the
master control voltage to control panels. It
will be understood that when a plurality of fur-
naces on a single boiler or on different boilers
are controlled from the same master control
unit, the lead 42 will go to main control panels
for each of theboilers.

As shown in Figure 1, there is only a single

furnace. {1, and the lesid 42 is connected to a

panel 43 which is, in effect, the main control
panel for the furnzce. The lead mniay also be

connected to additiondl main control panels in

parallel with the panel 43, and the several panels

enable the ratio of the total load to be carried

by each of the furnaces to be adjusted. The
panel 43 as well as the additional contro] panels
referred to hereinafter may be identical with the
controls 32 and 34.

The panel-
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The output voltage from the control panel 43
passes through a voltage limiting device 44 which
may be of the type more particularly described
and claimed in my copending application Serial
No. 59,061, filed November 9, 1948, now Patent
No. 2,529,055, and which functions fo maintain
the output voltage hetween predetermined maxi-
mum and minimum limits. The voltage limit-
ing device is connected back through the panel
through a lead 45 in parallel to a forced draft
panel 46 and primary and secondary fuel panels
471 and 48, The forced draft system may be con-
trolled from the panel 46 and a panel 49 to main-
tain the forced draft pressure at a value pro-
portional to the steam pressure, and the panels
47 and 48 respectively control the supply of coal
and air to the furndce in a predetermined ratio.

The forced drajft control

The forced draft pressure supplied to tlie
header 19 is measured by a metering type reg-
ulator 8! which is similar to the regulator 27
and which is loaded electrically through a motor
unit 52 similar to the motor unit 29 on the reg-
ulator 27. The panel 46 supplies to thie motor
unit §¢ a- voltage which is proportional to'the
voltage received by the panel 4§ from the panel
43 variably to load the regulator. As the regu-
iator moves in:respounse to change in its loading;.
it transmits back through a lead 53 & control
voltage which is supplied to both of the panels
45 and 49 and which is transmitted therefrom
to positioning type regulators §4 and 53 which:
are connecied to the valves or louvers 22. Thus,
when there is g change in the loading voltage
supplied to the regulator § a proportionate ad-
justment of the two regulators b% and 55 will
be produced to change the forced draft pres-
sure an amount propertionsl to' the change in
loading on the regulater. When this change has:
occurred, the reaction of the changed pressure. on
the regulstor will bring it back' to balance with
the valves 22 in their new adjusted position to
maintain the pressure at the desired value.

T'he fuel control

The two types of fuel illugtrated are controlled
concutrently. and proportionately through the
panels 47 and 4& in accordance with clianges:
in the master loading voltage s ftransmitted
by the contiol device 38. For this purpose the
regulator 47T is connected through a lead 56 to &
positioning type regulator 51 connected to the
metering element 2. Thus, upon any change
in the master loading voltage, a proportional
change in. the- loading  of the regulator 571 will
oceur to produce g corresponding ineregse Or
decrease in the'rate of'coal supply:

The gas supply is controlled by & positioning
regulator 58 connected to the valve 18§ to adjust
it, and' the gas flow is measured by a rmetering
type regulator 59 having o diaphragrn thereon
connected dcress a restriction 64 in the gas supply
conduit' to medsure the gas flow. The reguldtor
59 has a loading unit 62 similar to the unit 2%
connected through & lead 63 to the panel 43 to
receive’ a loading voltage therefrom. The reg-
ulator 59 adjusts a potentiometer or the like in-
the same manner as the regulator 21, and the
voltage developed by such potentiometer is
transmitted through a lead 64 through the panel
48 and out through a lead 65 to the positioning
regulator 58. Thus the gas supply is accurately
metered and is changed in proportion to changes
in the master loading voltage to vary the supply
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of gas simultaneously with changes in the coal
supply.

The air control

In the system, as illustrated, the primary and
secondary air are controlled from the fuel con-
trol system so that the supply of air will always
be proportional to the supply of fuel. For this
purpose voltages developed in the coal and gas
control circuits are added by a voltage adding
device indicated generally at 68 and are trans-
mitted to a master air regulator 87 which is sim-
ilar to the regulators 271 and 59 to load it. As
shown, the voltage from the coal regulator 47 is
conducted through a ratio adjusting device 68
through a winding 68 which is coupled to a sec~
ondary winding 11 to the loading element of the
regulator 67. The winding 71 is connected
through a ratio adjusting resistor 72 to the panel
48, and the windings are so related that a volt-
age in the winding 71 will induce in the winding
69 an equal voltage of the same polarity as the
voltage supplied to the winding 69 so that the
voltages will be added, and the total thereof will
be impressed on the regulator 67. Thus the air
regulator 87 is loaded proportionately to the
total amount of fuel supplied to the furhace so
that it can supply an amount of air proportional
to the total fuel.

The regulator 67 includes a diaphragm unit
73 connected across a restriction in the air mani-
fold 18 to measure the total air flow therethrough
and adjusts a potentiometer or similar variable
device to develop an output voltage which is
transmitted through a lead T4 to a primary air
control panel 75 and a secondary air control
panel 16. The panel 15 is connected to a po-
sitioning regulator 17 which is connected to the
primary air valve [8. The secondary air panel
76 is connected to a positioning regulator 78
which controls the secondary air valves 18 so
that the primary and secondary air will be ad~
justed proportionately in response to any change
in operating conditions.

The control panels

The several control panels referred to above
are all substantially identical and are illustrated
diagrammatically in Figure 2 in connection with
the associated parts. As shown in Figure 2, the
panel per se terminates at its left side in the
terminals numbered 81 to 88 inclusive and at its
right terminates in the terminals 88 to 16§ in-
clusive. Por automatic operation . the control
panel includes a proportioning resistor 181 whose
opposite ends are connected to the terminals 98
and 89 and which has an adjustable wiper 162
connected through a lead 103 to the terminal
82 and to a voltmeter [04. The control re-
sistor 41, which may be representative of the

botentiometer adjusted by the main steam pres-

sure element or to the input potentiometer for
any one of the several panels, has its opposite
ends connected across the terminals §7 and 99.
The terminals 85 and 96 may be connected to a
source of confrol voltage such as a 40 volt 60
cycle alternating current source, and the ter-
minal 88 is connected through a lead 105 to the
terminal 97 and to the terminal 88. The ter-
minal 85 is connected through a lead 10§ and
through a resistor 108 to the other end of the
potentiometer resistance 41 and to the terminal
85, the voltmeter 104 and a second voltmeter
107. Thus the resistor 4i is supplied with the
control voltage from the source and supplies &
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variable voltage from its wiper 39 to one side
of the proportioning resistor 101 in the panel.
It will be understood that in those instances
wherein several panels are connected in parallel
the wiper 2§ is connected in parallel to a pro-
portioning resistor {8{ in each of the panels in
the same manner. In this way the voltage im-~
pressed across the proportioning resistor in each
of the panels will be the same and will vary in
the same manner upon adjustment of the wiper
38. The wiper 102 in each panel may be man-
ually adjusted to proportion the effects of the
several panels connected in parallel so that, for
example, in the fuel control system ga greater
variation in coal supply than in gas supply will
be produced on a change in steam pressure, but
the variations will in each case be proportional.

The panel further includes a transfer switch
109 to transfer the panel from automatic to
manual operation. The switch is shown in its
automatic position in which three blades thereon
connect an upper set of contacts between the
terminals 81 and 89, a central blade connects
contacts between the terminal 82 and terminal
80, and a lower blade connects contacts between
the terminal 83 and terminal 91. When the

"switeh is pushed down to its manual position,

the upper blade will connect the terminal 81 with
a. manual switch contact i1f, the center blade
will connect the terminal 82 with a manual switch

‘contact (12, and the lower blade will connect the

terminal 83 with the terminal 84 and the ter-
minal 92. The manual switch includes an addi-
tional pair of contacts 113 and i{4 which are
connected to the terminal 89 and a blade 115
which is movable from an upper position con-
necting contacts 111 and 118 to a lower position
connecting contacts 112 and Ti4.

The panel is connected through the terminals
81 to 88 inclusive to & regulator indicated dia-
grammatically in Figure 2 and particularly to the
motor loading unit such as that shown at 29 or
62 of such a regulator. This motor unit com-
prises a two phase motor having a rotor { 16 ener-
gized by a main field {17 and a control winding
{18, The main winding 117 may be energized
from a standard source of supply such as 110
volt 60 cycle source, as indicated on the drawing
and may have its opposite sides connected to the
terminals 8{ and 84. The control winding is
connected to the terminals 82 and 83, as shown,
and when it is supplied with alternating current
leading or lagging the current in the main wind-
ing, the motor will turn in one direction or the
other, as is well understood in the art. The motor
shaft is connected to a movable wiper {19 mov-
able over a potentiometer resistance (21 which
Is connected across the terminals 85 and 88, as
shown, to be supplied with control voltage from
the leads {65 and i06. The wiper is connected

- to the terminal 87 which is connected through

a lead i22 to the terminal 84. The motor shaft
may also drive a pinion 123 meshing with a gear
{24 in the regulator to load the regulator, as will

. be described more fully hereinafter.

The motor unit also includes a rebalancing or
anti-hunting generator having a rotor 25 con-
nected to the motor shaft to be driven thereby
and a pair of fleld windings 126 and {27. The
flield winding i26 is connected across the ter-
minals 8§ and 88 to receive the control voltage
therefrom while the winding 121, which is, in
effect, the output winding, is connected across the
terminals 86 and 87 between which a condenser
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128 is connected to insure proper phasing of the
output voltage.

The motor is controlled through an amplifier
whose input stage is llustrated in detail and
which may have any desired additional number
of stages to produce the desired amplification.
The input of the amplifier comprises a trans-
former 129 whose primary winding is connected
across the terminals 93 and 94 and whose sec-
ondary winding is cohnected to the control grid
of a pentode tube 134. The amplifier is stupplied
with power from a transformer 132 which is con-
nected across the terminals 89 and 92 to receive
110 volt alternating current therefrom, and the
amplifier output is connectéd to the terrminals
90 and 9i1. The first stage of the amplifier, as
shown, coraprises the pentode tube with its plate
connected across a resistor 133 to a suitable B
supply source in the amplifier which is powered
from the transformer 132. The plate is also-con-
nected throuch a condenser 134 and a resistor
135 to the control grid for the second stage of
amplification. The resistor {35 is conneécted
through a condenser §36 to the grid of the second
amplifier stage, and the point between the con-
denser 134 and resistor 35 is connected to the
center point between a pair of rectifiers 137. The
rectifiers 137 are in series between the common
ground términal of the circuit and a point above
a resistor 138 which is connected between the B
supply and ground. This circuit forms a clipper
circuit to limit maximum and minimum voltage
swings on the second ambplifier stage to prevent
overloading and peaking of the amplifier in the
event an excessive control voltage is applied
thereto.

In operation the upper end of resistor 138 will
be at a constant D. C. value such as plus 2 volts,
and due to the fdact that the rectifiers are not
perfect, the point between the rectifiers will be
at a smaller value such as plus 1 volt. Thus the
point in the connection between the plate of the
first tube and the grid of the second tube cannot
exceed a3 value of more than one volt plus or
minus so that the A. C. sighal supplied to the
second amplifier stage is limited by the circuit
described to onevolt plus or minus. In this way
overloading' of the amplifier is prévented and
clivping of the signal is accomplished without
a separate source of bias voltage. In operation
of the pariel cirecuit, as deseribed, when the switch
109 is set for automatic operation, the condition
of the circuit is, as sHown in Figure 3. As illus-
trated in this fisure, the wiper 39 of the main
potentiometer is connected to the proportioning
resistor 101 and is parallel to a similar propor-
tioning resistor 104’ in @ similar panel. The two
panels such, for example, as the primary and
secondary air panels-may be identical, and corre-
sponding parts therein are indicated by the same
reference numerals which are primed in the case
of the second pahel. While the complete circuit
for-the second panel has not been shown, it will
be understood that it controls a motor unit
through an amplifier in the same manner as the
first panel. ) )

When the voltage at the wiper 102 on the panel
is equal to the-voltage at the wiper 119 in the
regulator, it will be seen that the circuit is in
balance. At this time the input to the amplifier
is zero, and no current is supplied to the control
winding {18 of the motor. The motor is, there-
fore, stationary. Due to the fact that the re-
sistors employed in the potentiometers present a
relatively low impedance compared with the
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meters 104 and 107, the meter (04 will indicate
the voltage at the wiper 102, and the meter 107
will indicate the volfage at the wiper 119 which
is indicative of the position of the regulator.
During automatic operation, since these voltages
are normally equal, the meters will be together.
Assuming now that there is an adjustment of the
wiper 39 to change the voltage supplied to the
potentiometer resistor 101, the circuit connecting
this resistor to the potentiometer 121 will be un=
balanced, and a control voltage will be supplied
to ‘the control winding of the amplifier whose
amplitude is proportional to the amount of un=
balance and whose phase is controlled by the
direction of unbalance. The amplifier will then
supply to the motor control winding 118 a control
current which will cause the motor to turn in a
direction determined by the phase of the current
with respect to the phase of the current in the
110 volt supply line ahd at a Speed proportional
to the amount of the unbalance. As the motor
turns it will drive the generator rotor 125 which
generates in the winding 127 an alternating volt-
age of opposite phase to the unbalance to reduce
the control voltage thereby to prevent overshoot-
ing and hunting. At the same time the motor
will turn the gears 123 and 124 t6 adjust the reg-
ulator and through it to effect a control opera-
tion. As the motor turns, the wiper 119 Wwill be
moved in a direction to return the ecircuit to bal-
ance, and when the voltage in the wiper 119 i$
equal and opposite to the voltage at the w1per
152, the system will again be balanced, and the
motor will stop. Whilé this is occurring, the
motor unit connected to the wiper 102’ ‘wi-ll 5i-
multanescusly be readjusted to balance the new
voltage value in the wiper 102’ so that the control
operations are effected sithultaneously.

Figure 3 also illustrates in somewhat more de-
tail the connection of the voltage totaling deviee
in the circuit. As shown, the primary winding
or coil 11 is connected in shunt with the meter
107 so that it will have impressed thereon the
voltage developed at the wiper 119, The sécond-
ary coil 69 is connected in series with the lead
from the meter {07’ to its associated potentiom-
eter wiper in its motor unit, and there is'a con-
nection from the lower end of the coil 69 through
a meter 138 providing a high impedance to thé
ground line of the control circuit. The lead from
the totalizing device shown at (38 is connected
between the meter 138 and the winding 69.

In operation the voltage developed at the
wiper connected to the meter {07’ will be im«
pressed across the meter 138 on the lifie 138, and
the voltage in-the primary winding 11 will be
induced in the winding 68 and added to the first’
mentioned voltage. Therefore, the total voltage
on the lead {39 will be the sum of the two wiper
voltages. In case more than two panels are to
have their voltages tctaled, the lead 139 mlght
supply a second primary winding similar to the
winding 11 which is coupled to a secondary wind-=
ing similar to the winding 69 connected to a
third panel to total the voltages in the three
panels. It will be understood that this arrange-’
ment could be extended, if desired, to total any
desired number of panel Vvoltages. Due to the
fact that the impedances in the circuit are all
high and that current flow is small, there is ho
cross feeding between the circuits so that a
change, for example, in the voltage at the wiper
102’ will not affect the motor f16.

For manual operation when the switech 109 is
inoved down as seen in Figure 2, the circuit be-



2,644,642

9
comes, in effect, that of Figure 4. In the manual
condition each regulator motor unit is controlled
separately from its own panel so that there is
no interconnection whatever between the circuits,
and a single motor circuit only is, therefore,
shown in Figure 4.

In this condition of the circuit, the motor con-
trol winding 127 is connected to one side of the
110 volt source and has its other side connected
to the switch contact 1i2. The contact (11 is
connected to one side of the main winding {17
to which the other side of the control winding is
also connected, and both of the contacts 118 and
{14 are connected to the other side of the 110
volt circuit. A condenser (41 is connécted be-
tween the contacts 1 {1 and 112.

With the manual switch blade 115 in its cen-
tral position, as shown, neither of the motor
windings is energized, and the motor is station-
ary. When the blade 115 is shifted to the right
to conriect the contacts 112 and 114, the main
motor winding 117 is energized throtigh the con-
denser {41 and the switch to the line while the
control winding 127 is connected directly in the
line. Therefore, the current in the main wind-
ing will lead that in the control winding to rotate
the motor in one direction. When the switch is
moved to the left to connect contacts 11§ and 113,
the main winding is directly energized from the
line while the control winding is energized
through the condenser 144. At this time the cur-
rent in the main winding lags the cutrent in the
control winding to rotate the motor in the oppo-
site direction. The motor will continue in opera-
tion as long as the switch is held in one of its
operating positions and will move the wiper 118
to indicate on the meter 187 the position of the
regulator,

It will be seen that the system can be converted
from automatic to manual operation at any time
simply by throwing the switch {08 since the volt-
ages in the bridge connected potentiometers are
always equal during automatic operation as in-
dicated by the two meters 104 and 197, There-
fore, when the switch 09 is thrown to manual

position, there will be no immediate effect on the ~

system. During manual operation, the meter
184 will indicate the voltage at the wiper (82
and will, therefore, indicate the position the reg-
ulator would occupy if it were under automatic
control. The meter 127 will indicate the actual
position of the regulator;, and since these may
not be the same, the system should be manually
adjusted to bring them into agreement before
switching from manual to sutomatic control.

Otherwise, as soon as the system is switched to

automatic control, it will cause a rapid and per-
haps drastic adjustment of the regulators to
bring them to the indicated automatic position,
and while this will not damage the control sys-
tem itself, it might result in severe damage to
the boiler or other plant being controlled.

The metering regulators

Figures 5 and 6 illustrate diagrammatically
the construction of the metering regulators, as
shown, for example, at 27, 5{, 53 and 67 of Figure
1. In the construction shown the reversible mo-
tor, as shown at {i6 in Figures 2 and 3, is
mounted on the cover plate {42 of a motor unit
housing 143 which is formed for mounting on the
regulator itself. The generator, as indicated at
125 may also be contained in the motor housing,
and electrical connections to the unit may be
made through a plug type connector 144 carried
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on the cover plate -142. The motor drives a
pinion 145 journaled on the cover plate and mesh-
ing with a gear 146 also journaled on the cover
plate and driving a-shaft 147 through bevel pin-
ions 148. This entire mechanism, as described,
is supported on the cover plate 142 on brackets
49 so that access to any part of the mechanism
for repair or replacement can easily be obtained
simply by removing the cover plate without dig~
turbing any other parts of the mechanism.

The shaft 147 drives the wiper ({8 which is
movable over the resistor (21 to form the balance
potentiometer of the motor unit. The shaft al-
so carries a cam 51 which may be adjustably
mounted thereon and shaped to provide any de-
sired characteristic of regulator operation.

The cam engages one end-of a lever 152 carried
by a shaft {53 journaled in the housing and car-
rying at its opposite end an arm 154 which is
connected to a tension spring {55. The spring
155 serves to load g pivoted beam forming a part
of the regulator and which is balanced by a dia-
phragm (57. The beam has connected thereto
a valve plunger 158 which moves toward and away
from a nozzle 59 to vary the pressure behind
the nozzle.

The regulator comprises a ﬁuld pressure motor
including 2 housing (61 formed with a pair of
cylinder bores of different sizes into which g
small piston {82 and a large piston (83 slidably
fit. Fluid under pressure such as air is supplied
to the top of the small piston through a line 154
which also communicates through a restriction
165 with the space below the large piston. The
nozzle 189 is also connected to the space below
the large piston.. The pistons are interconnected
by a piston rod 165 formed with a rack mesh-
ing with a pinion {§7 which is connected to the
potentiometer wiper {68 to adjust the output
voltage of the pofentiometer.

In operation the motor {16 will be moved
to a position corresponding to. the input voltage
to the motor and until the input voltage is re-
balanced by adjustment of the potentiometer
wiper (18. As the motor moves, it turns the cam
51 to vary the tension on the spring {55 thereby
varying the restriction of the nozzle 158. Asthis
nozzle becomes more restricted the pressure be-
low the large piston 62 will increase causing
the pistons to move up and adjusting the wiper
168 in one direction, and when the nozzle is less
restricted, the pressure below the large piston
will decrease causing the pistons to move down
and to adjust the wiper 168 in the opposite direc-

: tion. This will vary the voltage developed at the
- wiper (68 and will affect a corresponding control

adjustment through the connected panels and
positioning type regulators to vary the pressure
or differential pressure on the diaphragm 57 to
rebalance the beam 185. At this time the sys-
tem is again in balance, and the regulator will
remain in its adjusted position until there is a
further change either in the motor unit or in the
bressure acting on the diaphragm [57.

The ;positioning regulators

Figure 7 illustrates the construction of the sev-
eral positioning regulators as shown, for ex-
ample, at 26, B4, 55, 57, 77 and 78 of Figure 1.
Each of these regulators includes a motor unit
which is identical to the motor unit for the meter
type regulators with the exception that the cam
131 is omitted. For brevity of description parts
in Figure 7 corresponding to identical parts in
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Figures 5 and § have been indicated by the same
reference numerals.

In this ccenstruction the shaft 147 carries a
dise 171 having a link {72 pivoted eccentrically
thereto so that the link will be shifted lengih-
wise as the shaft turns. The motor unit hous-
ing may be mounted on the top of a positioning
type regulator such as that more particularly
shown. and described in. the patent to Rosen-
berger, No. 2,220,176, in place of the diaphragm
unit shown in the patent. As illustrated dia-
grammadtically in Figure 7, the regulator includes
a floating link 173 to the center of which the link
172 is pivoted and which is pivotally connecied at
one end to.the valve rod of a pilot valve 174, Al
its opposite end the link {13 is connected to one
end of a bell crank lever 17Y pivoled at i76 and
having its opposite end connected through a link
117 to an elongated pivoted cam {18, The cam is
engaged.by a roller 1% carried on.the piston rod
{81 of a fluid motor 182 which.is contrelled hy
the pilot valve (74.

In operation, when the bridge:circuit control-
ling the motor 116 becomes unbalanced the mo-
tor will rotate the shaft 147 and through the ec-
centric disc {4§ will move the link i+2 to rock the
link 1713 either upward or downward about its
pivotal connection to the bell crank lever i75.
This will shift the pilot valve causing the fluid

motor 182 to move the piston rod and rock the 3

cam 178, The cam acting through the link 711
will rock the bell crank {15 thereby shifting the
left end of the floating link {13 to positicn to
return the pilot valve to its neutral position
thereby to stop the motor. Thus the regulator
will move to a position corresponding to the po-
sition of the motor (16 and will simultaneously
move its interconnected. valve or other control
element to effect a control operation.

Operation

In operation of the system, as shown, for ex~
ample, in Figure 1, for a boiler furnace control,
it will be seen that as long as the steam pressure
in the manifold 37 remains constant the system
will remain stationary in its then adjusted po-
sition. Upon variation in steam pressure the
controller 38 wil] adjust its potentiometer to
change the voltage transmitted to the control
panels through the lead 42. This will change
the voltage impressed on the proportioning re-
sistor of the panel 46 to change the lcading on
the forced draft regulator 51 which will, in turn,
change the voltage transmitted back to the con-
trol panels 46 and 49. These panels will effect an
adjustment of the position type regulators 54 and
55 to adjust the dampers 22 thereby to change
the forced draft pressure to a value proportional
to the new value of the voltage developed at the
master control unit 38.

At the same time the voltages supplied to the
primary and secondary fuel panels 471 and 48
will be changed to adjust the primary and sec-
ondary fuel regulators proportionally to the
change in the master control voltage. It will
be noted that the proportion of primary to sec-
ondary fuel can be adjusted at any time by ad-
justing the potentiometers at one or both of the
fuel control panels so that the desired amounts
of the . different fuels can be furnished. The
changes in the voltages at the fuel panels will
result in a change in the loading voltage trans-
mitted to the regulator 67 through the totalizing
unit and will cause an adjustment of this regu-
lator to change the voltage transmitted by it
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through. the lead. 14 to the. air control panels
15 and 16. These panels will cause proportional
adjustments of the regulator 17 and 78 to change
the primary and secondary air flow in proportion
to the change in fuel supply. It will again be
noted that the relative amounts of primary and
secondary air can readily be adjusfed by adjust-
ing the proportioning potentiometer at the-air
control panels to maintain the primary and sec-
ondary air in the desired ratio at all times.

The several adjustments effected by the system
will occur simultaneously and the system can be
so arranged as to produce very rapid adjustment
so that any change in operating conditions is
quickly. and accurately corrected for. Also due
to the use of the generators in the motor cir-
cuits overshooting  or hunting is prevented. so
that all parts of the system will quickly come to
the-correct position: of adjustment and will stop
without any hunting or overshooting.

While the system has been illustrated and has
specifically been described in connection with the
control of combustion, it will be apparent that
it is not limited thereto but is applicable to many
types of control operations and is capable of be~
ing: connected and utilized in many different.
manners depending upon the control require-
ments.

It will, therefore, be understood that the in-
vention is not limited to the exact system illus-
trated and described nor otherwise than by the
terms of the appended claims.

What is claimed is:

1. A control system comprising a primary vari-
ahle impedance, a plurality of impedance ele~
ments connected in parallel to the primary im-
pedance, a plurality of secondary variable im-
pedances, a plurality of circuits connecting the
impedance eclements respectively to the sec-
ondary impedances, a plurality of reversible mo-
tors connected respectively to the secondary im-
pedances. to adjust them, means responsive to
voltage unbalance in the circuits to control the
respective. motors, voltage adding means con-
nected to the secondary impedances to add the
voltages developed therein, and a regulator con-
nected to the voltage adding means to respond
to the sum of said voltages.

2. A control system comprising a primary vari-
able impedance, a plurality of impedance ele-
ments connected in parallel to the primary im-
pedance, a plurality of secondary variable im-
pedances, a plurality of circuits connecting the
impedance elements respectively to the secondary

< impedances, a plurality of reversible motors-con-

nected respectively to the secondary impedances
to adjust them, means responsive to voltage un-
balance in the circuits to control the respective
motors, voltage adding means connected to the
circuits to add the voltages developed across one
of the impedances in each circuit, and a regu-
lator responsive to the total voltage developed
in the voltage adding means.

3. A control system comprising a primary vari-
able impedance, a plurality of impedance ele-
ments connected in parallel to the primary im-
pedance, a plurality of secondary variable im-
pedances, a plurality of circuits connecting the
impedance elements respectively to the secondary
impedances, a plurality of reversible motors con~
nected respectively to the secondary impedances
to adjust them, means responsive to voltage un-~
balance in the ecircuits to control the respective
motors, a pair of inductively coupled windings

5 connected respectively to the circuits to have
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impressed thereon the voltages developed across
one of the impedances in each ecircuitf, and a
regulator connected to one of the windings and
responsive to the total voltage developed therein.

4. A control system comprising a regulator
movable in response tc a condition to be con-
trolled, an adjustable elecirical device connected
to and adjusted by the regulator to produce a
change in an electrical effect proportional to
movement of the regulator, a reversible electric
motor, a regulator to control a second condiiion
affecting the first named condition, a spring ad-
justed by the motor variably to load the last
named regulator, an element responsive to said
second condition to balance the spring, a second
adjustable electrical device adjusted by the last
named regulator, a balanced electrical network
connecting the electrical devices in opposition to
each other, and means ccnnected to the network
and responsive to unbalance thereof to control
the motor.

5. A control system comprising a regulator
movable in response to a condition to be con-
trolled, an adjustable electrical device connected
to and adjusted by the regulator to produce a
voltage change, a plurality of impedance ele-
ments connected in parallel to said device, a
plurality of variable impedances, circuits con-
necting the variable impedances respectively to
the impedance elements, a plurality of reversible
motors, means responsive to the voltage unbal-
ance in the circuits to control the motors re-
spectively, a plurality of secondary regulators
controlled by the motors respectively, and in-
dividual control means for a plurality of factors
affecting the condition controlled by the regu-
lators respectively.

6. A control system comprising a regulator
movable in response to a condition to be con-
trolled, an adjustable elecirical device connhected
to and adjusted by the regulator to produce a
voltage change, a plurality of impedance ele-
ments connected in parallel %o said device, a
plurality of variable impedances, circuits con-
necting the variable impedances respectively to
the impedance elements, a plurality of reversible
motors, means responsive to the voltage unbal-
ance in the circuits to control the motors re-
spectively, a plurality of secondary regulators
controlled by the motors respectively, individual
control means for a plurality of factors affecting
the condition controlled by the regulators re-
spectively, and means to adjust at least one of
the impedance elements to vary the ratio of
operation of the secondary regulators.

7. A control system comprising a regulator
movable in response to a condition to be con-
trolled, an adjustable electrical device connected
to and adjusted by the regulator to produce a
voltage change, a plurality of impedance ele-
ments connected in parallel to said device, a
plurality of variable impedances, circuits con-
necting the variable impedances respectively to
the impedance elements, a plurality of reversible
motors, means responsive to the voltage unbal-
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ance in the circuits to contrcl the motors re-
spectively, a plurality of secondary regulators
controlled by the motors respectively, individual
control means for a plurality of factors affect-
ing the condition controlled by the secondary
regulators respectively, a voltage totaling device
connected to the circuits to add the voltages
developed across one impedance in each circuit,
a third regulator connected tc the voltage total-
ing device to respond to the total voltage de-
veloped therein, an adjustable electrical device
connected to and adjusted by the last named
reguiator, a plurality of fourth regulators re-
spectively controlling factors affecting the con-
dition, and means responsive to the last named
electrical device controlling the last named regu-
lators.

8. A combustion control system for a steam
beiler supplied with a piurality of different fuels
and air for combustion comprising a regulator
responsive to a function of the steam generated
by the boiler, an adjustable electrical device con-
nected to and adjusted by the regulator to pro-
duce a voltage change, a plurality of impedance
elements cennected in parallel fo said deviee, a
plurality of regulators controlling the supply
of different fuels to the boiler, reversible motors -
controlling the regulators, adjustable impedances
controlled by the motors, circuits eennecting the
adjustable impedances respectively to the im-
pedance elements, means responsive to voltage
unbalance in the respective circuits to control
the motors, means to add the voltages developed
across one of the impedances in each circuit,
and means responsive to the total voltage de-
veloped in the adding means to control the
supply of air to the boiler.

CHARLES . SMOOT.
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